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Abstract

Introduction: Patients with chronic obstructive pulmonary disease (COPD) have an
increased risk of cardiovascular disease. The endothelial dysfunction likely plays a
central role in increasing cardiovascular risk.

Objectives: This cross-sectional, study investigated the prevalence and extent of
endothelial dysfunction in patients with stable COPD.

Methods: Peripheral arterial tonometry (PAT) was measured by post-ischemic reac-
tive hyperemia index (RHI) in 16 COPD patients, 16 healthy controls and 16
subjects with treated systemic arterial hypertension (AH) and analysed with covari-
ates condition (dyslipidemia, and medications).

Results: The prevalence of endothelial dysfunction was significantly higher in
COPD group than in the other groups. Mean RHI was significantly lower in COPD
patients compared with the other groups. At linear regression FEV1 and RHI were
directly correlated (Spearman index5 0.553; P5 .026). COPD patients in groups C
and D according to Global Initiative for Chronic Obstructive Lung Disease (GOLD)
stages showed lower RHI compared with patients classified as A and B (P< .01). At
multiple regression analysis the presence of dyslipidemia, COPD and AH were asso-
ciated with the presence of endothelial dysfunction.

Conclusions: Endothelial dysfunction in stable COPD patients is probably impli-
cated in the high cardiovascular comorbidity. This study suggests the potential utility
of endothelial dysfunction evaluation in patients with COPD to a timely assessment
and treatment for cardiac complications.
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1 | INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a progres-
sive disease of the lungs that is characterized by a persistent
airflow limitation and is the third cause of morbidity and
mortality worldwide.1 Patients with COPD have an increased

risk of cardiovascular disease, and cardiac complications are
among the leading causes of death in COPD patients.2 The
mechanisms involved in the development of cardiovascular
diseases in patients with a mainly lung disease are still being
debate. Some factors involved in this relationship may be
smoking, a shared risk factor between heart diseases and
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COPD and systemic inflammation associated with COPD.2

Furthermore, it is known that airflow obstruction profoundly
affects cardiac function and gas exchange, leading to sys-
temic consequences. An increased prevalence of ischemic
heart disease and hypertension is seen in COPD patients and
these conditions are linked to poor prognosis.3 Although the
pathogenic mechanism that links COPD to vascular diseases-
related is poorly understood, data have supported the poten-
tial contribution of vascular endothelial dysfunction and arte-
rial stiffness.4 Endothelial dysfunction is commonly
described as the inability of the artery to sufficiently dilate in
response to an appropriate endothelial stimulus. Endothelial
homeostasis is involved in regulation of vasomotor tone, reg-
ulation of vascular smooth muscle cell proliferation and
migration, thrombogenesis and fibrinolysis.5

Previous studies have emphasized the importance of
endothelial as a prognostic factor and an independent predic-
tor of all-cause and cardiovascular mortality.2 COPD patients
also frequently exhibit endothelial dysfunction which can be
the main cause of cardiac comorbidities.6 The degree of
endothelial dysfunction is proportional to disease severity
measured by airway obstruction.7,8 Endothelial dysfunction
can be assessed by different methods, the most widely uti-
lized method is flow-mediated dilation (FMD) test, but is
quite complex requiring the use of ultrasound, trained perso-
nal and is time consuming. Peripheral arterial tonometry
(PAT) and pulse wave velocity (PWV) represent two nonin-
vasive methods for assessing endothelial function at periph-
eral and central sites, respectively. PAT currently represents
an easy, simple, noninvasive test to study endothelial func-
tion at the fingertip.9 The major novelty of the present study
is the application of this noninvasive and reproducible finger
plethysmography PAT to detect endothelial dysfunction in
COPD patients. The aim of the study was to assess the prev-
alence and the degree of endothelial dysfunction in a group
of stable COPD patients compared with a group of healthy
subjects and a group of subjects with treated arterial hyper-
tension (AH). A secondary purpose was to determine the
relationship between the degree of endothelial dysfunction
and airflow limitation in patients with COPD.

2 | MATERIALS AND METHODS

2.1 | Study design

This was a cross-sectional, observational, descriptive study.
This study complied with the Declaration of Helsinki. It has
approved by the local Review Board and each subject
enrolled signed informed consent. The patients were enrolled
between April and December 2015, at both the Unit of Inter-
nal Medicine and Cardiology of University and Hospital of
Brescia. Enrolled subjects underwent a single visit where

medical history and the subject’s characteristics were col-
lected. In the same visit respiratory function tests and PAT
were recorded.

2.2 | Subjects

A total of 48 subjects were enrolled in the study: 16 consecu-
tive patients with stable COPD, 16 consecutive patients with
treated AH and 16 healthy subjects matched for age and sex.
A study design powered at 0.80 requires 16 participants to
detect a 0.40 change in RHI (Clin calc: sample size calcula-
tor, available on website http://clincalc.com/stats/samplesize.
aspx) considering a normal standard deviation of 0.4. Diag-
nosis of COPD was based on the medical history and con-
firmed by pulmonary function test performed during the
visit. Patients were classified by severity in four stages
according to the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) criteria.10 Criteria for exclusion were
the presence of one of the following characteristics: history
of any cardiovascular disease (except AH), diabetes mellitus,
COPD exacerbation or respiratory infections in previous 6
months, diagnosis of asthma or other pulmonary diseases.

2.3 | Study measurements

Medical history, respiratory function tests, and PAT were
recorded for each participant. Active smoking was defined if
a current consumption of >2 cigarettes/day was reported; the
number of pack/year was also recorded.

2.3.1 | Blood pressure, heart rate and
comorbidities

Systemic AH was defined if assuming antihypertensive treat-
ment, in the presence of a medical history with documented
high blood pressure (BP), if systolic BP >140 mm Hg and/
or diastolic BP> 90 mm Hg on three separate occasions.11

Systolic (SBP), diastolic blood (DBP) pressure and heart rate
(HR) were measured in the lying position, at one-minute
intervals, on three occasions according to ESH-ESC guide-
lines (2003).11 The mean values of SBP, DBP and HR were
reported. Coexisting chronic diseases were identified by
examining the clinical documentation.

2.3.2 | Respiratory function tests

Lung spirometry was performed in accordance with the
standard procedures.12 Forced Vital Capacity (FVC) and
Forced Expiratory Volume in the first second (FEV1) were
recorded with the subject sitting, and the spirometry maneu-
ver was repeated at least three times. The best results were
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collected. The percent-of-predicted values were calculated
from the European Respiratory Society’s standards data.13

2.3.3 | Endothelial function

PAT signals were obtained using the EndoPAT-2000 device
(Itamar Medical Ltd, Caesarea, Israel), which has been vali-
dated and used previously to assess peripheral arterial tone in
other populations.14–16 Specially designed finger probes are
placed on the middle finger of each subject’s hands. These
probes comprised a system of inflatable latex air cuffs con-
nected by pneumatic tubes to an inflating device controlled
through a computer algorithm. A constant counter pressure
(pre-determined by baseline diastolic blood pressure) is
applied through the air cushions, this prevents venous pool-
ing, thus avoiding venous-arteriolar reflex vasoconstriction,
with no occlusion of arterial blood flow. Pulsate volume
changes of the distal digit induce pressure alterations in the
finger cuff, which are sensed by pressure transducers and
transmitted to and recorded by the EndoPAT-2000 device. A
decrease in the arterial blood volume in the distal fingertip
causes a decrease in pulsatile arterial column changes,
reflected as a decrease in the measured PAT signal, and vice
versa. Endothelial function is measured via a reactive hyper-
emia (RH) protocol: it consists of a 5 minutes baseline mea-
surement, after which a blood pressure cuff on the test arm is
inflated to 60 mm Hg above baseline systolic BP or at least
200 mm Hg for 5 minutes. Occlusion of pulsate arterial flow
is confirmed by the reduction of the PAT tracing to zero.
After 5 minutes, the cuff is deflated, and the PAT tracing is
recorded for a further 5 minutes. The ratio of the PAT signal
after cuff release compared with baseline is calculated
through a computer algorithm automatically normalizing for
baseline signal and indexed to the contra lateral arm. The cal-
culated ratio is called RH-PAT index or RH index (RHI). Its
normal value is> 2.00 (pure number), while a clear endothe-
lial dysfunction is shown by a value� 1.67 as recommended
cutoff value in the user manual of the EndoPAT 2000
device, gathered from clinical data.17 The EndoPAT test is
both operator and interpreter independent.18,19

2.3.4 | Statistical analysis

Data were presented as mean6 standard deviation (SD) or
Confidential Intervals 95% [CI 95%]. Logarithmic transfor-
mation of RHI was used (LnRHI). Subjects were analysed
according to different groups (COPD, treated AH patients
and Controls) or categories (presence of endothelial dysfunc-
tion value RHI� 1.67 (LnRHI� 0.51) as the median cut-off
of distribution, presence of AH).

After verifying that data were normally distributed, group
comparisons of mean values were performed using t test for

independent variables. If data were not normally distributed
non-parametrical analysis was performed. Analysis of corre-
lation among variables was performed by multiple regres-
sion. Categorical variables were compared by using the chi-
square test method. A P value <.05 was considered to be
significant. All analyses were performed with the dedicated
software (SPSS 21.0 for Windows; SPSS, Chicago, Illinois).

3 | RESULTS

3.1 | Patients

Demographic and clinical characteristics of subjects studied
are reported in Table 1: groups were matched for age, sex
and body mass index (BMI). The control group showed
more non-smoking subjects compared to the other groups.
No differences among the studied groups were observed for
BP data. COPD patients showed impaired FEV1 and FEV1/
FVC mean data as expected. A summary of the taken medi-
cations in the different studied groups was reported in Table
2. No significant differences in the taken medications were
seen between the group of COPD and patients with treated
AH.

3.2 | Endothelial function

The prevalence of endothelial dysfunction (LnRHI� 0.51)
was significantly higher in COPD group than in the other
groups (75%; 43% and none in COPD, AH and controls,
respectively; P< .01). Mean LnRHI was significantly lower
in COPD patients compared with the value found in the other
groups (0.276 0.52; 0.636 0.33; 0.856 0.13 in COPD, AH
and controls, respectively; P< .01) as reported in Figure 1. It
is important to underline that subjects in the group of AH
showed intermediate levels of LnRHI significantly different
form COPD levels (lower) and control levels (higher). At lin-
ear regression FEV1 and LnRHI were directly correlated
(Figure 2) showing a Spearman index5 0.553 (P5 .026)
(Figure 2). Analysing data according GOLD stages showed
that patients in groups C and D (eight patients) showed lower
LnRHI compared with eight patients classified as A and B
(0.596 0.37 and 20.426 0.47, respectively; P< .01)

At multiple regression analysis the presence of dyslipide-
mia, COPD and AH were associated with the presence of
endothelial dysfunction: Odd Risk [CI95%] for endothelial
dysfunction if presence of dyslipidemia5 15.0 [2.7–81.7]; if
presence of COPD 510.7 [2.6–43.8]: if presence of
AH5 40.0 [4.6–347.5]. According to this analysis LnRHI
was lower in patients with both COPD and AH. The number
of COPD exacerbations in the year before the study, and all
the other studied variables were not found significantly cor-
related with LnRHI.
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4 | DISCUSSION

The study data showed a higher prevalence of endothelial
dysfunction measured with RH-PAT in stable COPD patients
compared to controls and treated hypertensive patients. The
severity of RHI impairment was higher in stable COPD sub-
jects compared with the other groups and was related to the
degree of FEV1 reduction. AH and COPD seems to be inde-
pendently related to endothelial dysfunction. Differences in
LnRHI observed comparing stable COPD and treated AH

patients should not be attributable to different treatments
because the two groups were similar with respect to the drug
management. Previous studies found a correlation between
the presence of endothelial dysfunction and COPD6,8,20–24

using various techniques and among these only one study

TABLE 2 Treatments of COPD and AH groups during the study

Group COPD n5 16 AH (n5 16)

Beta blockers 4 6

Antiaggregants 7 7

ACE inhibitors/sartans 8 10

Statins 5 4

Calcium blockers 5 6

Diuretics 4 2

Abbreviations: ACE, angiotensin-converting-enzyme; AH, arterial hyperten-
sion; COPD, chronic obstructive pulmonary disease.

FIGURE 1 Mean LnRHI (reactive hyperemia index) in the three
studied groups. (COPD, chronic obstructive pulmonary disease; AH, arte-
rial hypertension; Thick line showingmedian, Box showing 25% and 75%
inter-quartile ranges and error bars showing minimum and maximum val-
ues. The little circle indicates an outliner value)

TABLE 1 Demographic, clinical and functional characteristics of patients studied

Group COPD n5 16 Treated AH (n5 16) Controls (n5 16) P

Age (years) 74.186 8.6 73.86 5.6 75.16 3.2 n.s

Sex (M/F) 10/6 10/6 10/6 n.s.

BMI 26.16 3.7 27.26 3.5 24.16 2.7 n.s.

Smoking <.01

Ex 7 5 3

Current 3 4 3

No 6 7 10

Packs/year 346 11 306 8 316 7 n.s.

Dyslipidemia 8 (50%) 7 (43%) 0 <.01

AH 11 16 0 <.01

Arterial pressure systolic 130.36 18.0 129.16 9.5 125.86 7.0 n.s.

Arterial pressure diastolic 79.06 10.8 77.56 9.4 75.66 7.8 n.s.

FEV1 (% pred.) 69.56 19.0 1106 15.0 1056 12.3 <.01

FEV1/FVC 66.16 11.5 966 10.0 986 20.2 <.01

Abbreviations: AH, arterial hypertension; BMI, body max index; COPD, chronic obstructive pulmonary disease; FEV1, forced exhaled volume at first second;
FVC, forced vital capacity; n.s., not significant; pred., predicted.
Data expressed as mean6 standard deviation or frequency.
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using the PAT method.25 In literature RH-PAT measure-
ments allow to quantify cardiovascular risk18 and predict late
adverse cardiovascular events.19 The main well known con-
tributing factors for endothelial dysfunction are AH, chronic
inflammation, and oxidative stress and metabolic disorders.26

Bronchial obstruction and bronchial inflammation are strictly
related in COPD27 and bronchial inflammation, is associated
with systemic inflammation.28 Smoking may act through dif-
ferent factors in the development of endothelial dysfunction
by altering the balance between oxidants and antioxidants,
reducing the production of exhaled nitric oxide and promot-
ing the release of mediators of inflammation and acute phase
proteins. All these factors are able to alter the endothelial
homeostasis.29 The correlation between the degree of bron-
chial obstruction and endothelial dysfunction was constantly
observed in previous studies6,8,20–24 and can be explained by
the effects of several factors such as hypoxemia acting
through the production of inflammatory cytokines and
increasing oxidative stress.30 In addition, the increase in
heart rate and blood pressure and the activation of the renin-
angiotensin-aldosterone system play a role in the develop-
ment of endothelial dysfunction induced in COPD with
severe disease.30

4.1 | Study limitations

The small number of subjects in the three groups did not
allow a proper analysis of the subpopulations and especially
for the influences of the different medications taken. How-
ever, the groups appear to be sufficiently homogeneous to
obtain a meaningful comparison. Another limiting factor is
the presence of many non-smokers subjects in the control
group, although according to the analysis of logistic regres-
sion smoking is not found to be meaningfully associated

with endothelial dysfunction in our study sample. It should
be noted that the endothelial dysfunction should be particu-
larly affected by the current smoking habit while in the
groups analysed active smokers were equally distributed.
The arterial blood gas values and data on oxidative stress or
inflammation have not been assessed as this was beyond the
objective of the study. Finally a comparison with other detec-
tion techniques of endothelial dysfunction such as PWV has
not been performed, this could have been an interesting anal-
ysis from a methodological standpoint.

5 | CONCLUSIONS

Firstly the presence of endothelial dysfunction in patients
with stable COPD independently from high blood pressure
values is probably implicated in the frequent cardiovascular
comorbidity typical of these patients. Secondly the analysis
of endothelial dysfunction, with simple technique such as
RH-PAT, gave results consistent with those obtained through
more complex techniques such as the PWV and the FMD.
The results of the present study suggest the potential utility
of endothelial dysfunction evaluation in patients with COPD,
in particular the presence of endothelial dysfunction should
suggest a more timely evaluation and treatment for CAD.
Nevertheless, additional long-term studies are needed to
establish the clinical impact of this technique on COPD
patients.
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